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Early neuromuscular blockade in moderate to severe acute
respiratory distress syndrome: do not throw the baby out with the
bathwater!
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Light sedation with daily interruption and analgesia-
based sedation are currently recommended in critically
ill, mechanically ventilated patients (1). However, in the
context of acute respiratory distress syndrome (ARDS), the
benefits of this sedative strategy remain controversial. A
lung protective ventilation strategy to minimize ventilator-
induced lung injury (VILI) significantly decreases mortality
in patients with ARDS (2), and therefore is mandatory
for early management of these patients. However, deep
sedation could be required to obtain patient-ventilator
synchronization (3). In particular, deep sedation involving
neuromuscular blocking agents (NMBAs) is frequently
needed during several adjunctive therapies, such as with
high positive end-expiratory pressure (PEEP) levels, prone
positioning, or extracorporeal membrane oxygenation.

The ARDS et Curarisation Systematique (ACURASYS)
trial (4) was the first multicenter randomized placebo-
controlled trial to test the impact of an NMBA during
the early course of severe ARDS on 90-day mortality.
The ACURASYS strategy combined optimization of
mechanical ventilation before randomization, a moderate
PEEP according to the Acute Lung Injury and Acute
Respiratory Distress Syndrome (ARMA) protocol (2),
recommendations of early prone positioning, and an early
switch to pressure support ventilation after improvement.
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This strategy, including 48 hours of cisatracurium,
was significantly associated with more ventilator-free
days and a lower 90-day mortality (5). Interestingly,
barotrauma, defined as a newly developed pneumothorax,
pneumomediastinum, subcutaneous emphysema, or
pneumatocele >2 cm in diameter, was more frequent in
the control group. By contrast, the incidence of intensive
care unit-acquired weakness was not different between the
cisatracurium and control groups.

A decade later, the Reevaluation of Systematic Early
Neuromuscular Blockade (ROSE) trial (5) reevaluated the
beneficial effects of cisatracurium in patients with moderate
to severe ARDS. This randomized controlled trial reported
different results than the ACURASYS trial. Notably,
although mortality was similar in the control groups in
both trials, no significant difference in 90-day mortality was
detected between the cisatracurium and the control groups
in the ROSE trial (5). In addition, the rate of barotrauma
was similar between the two groups, with more adverse
cardiovascular events in the cisatracurium group.

The difference in the results between these two trials can
be explained by differences in the trial protocols. First, the
sample sizes were different, with 1,088 patients included in
the ROSE trial (vs. 340 patients in the ACURASYS trial).
Second, the control group was supposed to receive light
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Table 1 Comparisons of mechanical ventilation parameters (day 1) and adjunctive therapies between the ACURASYS and ROSE trials

The ACURASYS trial

The ROSE trial

Variables
Cisatracurium group (n=178)

Control group (n=162)

Cisatracurium group (n=501) Control group (n=505)

Levels of sedation Not reported (target: Not reported (target: RASS: -4.8+0.8; RASS: -2.7+1.9;
Ramsay score of 6) Ramsay score of 6) RSAS: 1.1+0.4 RSAS: 2.4+2.3
Tidal volume, mL/kg 6.3+0.8 6.3+0.8 5.9+0.8 5.9+0.7
Respiratory rate, breaths/min 25+6 2545 27.3+6.3 28.3+6.3
Minute ventilation, L/min 9.9+2.4 10.2+2.2 10.4+3.4 11.1+3.6
Set PEEP, cmH,0O 9.6+2.7 10.2+2.2 12.5+4.4 13.4+4.2
Plateau pressure, cmH,O 2415 23+5 25.2+5.2 25.6+5.6
pH 7.35+0.10 7.35+0.08 7.32+£0.10 7.33+0.10
P.CO,, mmHg 45+11 44+9 46.5£11.7 43.4£10.6
P.O./FiO,, mmHg 16472 168+72 198.4+77.7 189.2+76.8
Prone positioning, n (%) 58/177 (33%) 47/162 (29%) 68 (14%) 60 (12%)
Corticosteroid, n (%) 28/177 (16%) 37/162 (23%) 109/482 (23%) 135/488 (28%)

90-day mortality, n (%) 56/177 (31.6%)

Barotrauma, n (%) 9 (5.1%)

ICUAW (MRC scale) 55 [46-60]

66/162 (40.7%)
19 (11.7%)
55 [39-60]

213 (42.5%) 216 (42.8%)

20 (4.0) 32 (6.3%)

45.7+13.9 49.8+10.6

ACURASYS, ARDS et Curarisation Systematique; ROSE, Reevaluation of Systematic Early Neuromuscular Blockade; ICUAW, ICU-
acquired weakness; MRC, Medical Research Council scale; RASS, Richmond Agitation Sedation Score; RSAS, Riker Sedation Agitation

Scale; PEEP, positive end-expiratory pressure.

sedation in the ROSE trial, and sedation/analgesia and
mechanical ventilation did not need to be optimized before
randomization in contrast with the ACURASYS trial.
Third, a high PEEP strategy was applied in the ROSE trial
and prone positioning was not strongly encouraged.

Consequently, the proportion of patients in prone
positioning was lower (12.7% vs. 28.6% in the
ACURASYS), and the use of corticosteroids was higher
in the ROSE trial (25.2%) than in the ACURASYS trial
(19.2%). The sedation protocol was followed differently
in the ROSE trial, as the sedation level was slightly deeper
than intended in the control group. In addition, more than
17% of the control group received an NMBA during the
first 48 hours or during prone positioning sessions. Notably,
655 patients were not included before randomization
because they had already received an NMBA. In addition,
sedative and analgesia consumption was not reported in
the ROSE trial, whereas the control and the interventional
groups received the same doses in the ACURASYS trial.
Lastly, patient-ventilator asynchrony was not measured in
either trial.
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However, although respiratory rates were approximately
2 breaths/min higher in the ROSE trial than those in
the ACURASYS trial, adherence to the lung protective
ventilation strategy in terms of tidal volume and driving
pressure after the randomization seemed good in the former
(1able 1); this strict use of low tidal volumes resulting in
a low driving pressure might have reduced lung injury in the
control group. The authors suggested that the higher PEEP
levels used in the ROSE trial (i.e., 12.5-13.4 vs. 9.6-9.7 cmH,O
in the ACURASYS trial) may have blunted the potential
treatment effects of NMBAs by improving lung recruitment
and oxygenation quickly. However, compared to previous
studies that have assessed higher vs. lower PEEP levels (6),
the PEEP applied in the ROSE trial could be considered
intermediate. Interestingly, recruitment maneuvers with
high PEEP in patients with moderate to severe ARDS
were associated with a higher mortality in a recent trial,
compared to a low PEEP strategy with rather intermediate
levels of PEEP; the hemodynamic effects and possible
breath stackings with high PEEP are potential explanations
of this finding (7).
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The intense central respiratory drive in patients with
severe ARDS may preclude physicians from maintaining
lung-protective ventilation without deep sedation and an
NMBA, which can increase the risk for VILI (8,9). NMBAs
may alleviate this issue. Beyond improving oxygenation,
NMBAs prevent active expiration, thus preventing
expiratory atelectasis (10), stabilizing hemodynamics (11),
and decreasing lung (and serum) inflammatory cytokines
(12,13). By contrast, spontaneous breathing (SB) with light
sedation is associated with an increase in ventilator-free
days and a shorter hospital stay (14,15). However, despite
these merits, SB can itself increase transpulmonary pressure
in injured lungs and induce VILI (i.e., self-inflicted lung
injury) (16,17). Breath stacking dyssynchrony also generates
higher tidal volumes than intended, potentially increasing
lung injury risk in patients with ARDS (18,19). Beitler et al.
reported that breath stacking occurs in 27 breaths (7-59
breaths)/hour and is near completely eliminated during
neuromuscular blockade, assuring provision of the intended
lung-protective strategy (19). In addition, NMBAs are
currently used during prone positioning, which was rarely
performed in the ROSE trial. For instance, more than
90% of the patients included in the Proning Severe ARDS
patients (PROSEVA) trial received NMBAs during prone
positioning (20). Based on these data, minimizing SB during
the early period of ARDS using deep sedation, and NMBAs
(if necessary), seems reasonable.

The ROSE trial demonstrated that systematic use of
NMBAs during the early phase of moderate to severe
ARDS, before optimization of mechanical ventilation,
sedation, and analgesia, does not reduce 90-day mortality.
However, because patient-ventilator dyssynchrony,
transpulmonary pressure, and inflammatory cytokines were
not assessed in that trial, the physiological explanations of
these results are still speculative. Based on the results of the
ACURASYS and ROSE trials, NMBAs may only have a
role when integrated in a bundle of mechanical ventilation
care, including PEEP, sedation optimization, and prone
positioning. We suggest that if lung-protective ventilation
can be obtained with light sedation without patient-
ventilator dyssynchrony, one should refrain from using
NMBAs. By contrast, in cases of intense breath stacking,
the clinician should maintain lung-protective ventilation
to further prevent VILI, with the use of deep sedation and
NMBAs if needed. In addition, the ROSE trial did not
report the harmful effects of a short period of NMBAs on
daily activity and quality of life at 12 months.

In conclusion, there is still room for the wise use of
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NMBAs in the context of moderate to severe ARDS.
With emergence of the concept of “ultra-lung protective
ventilation” aimed at further reducing VILI with
extracorporeal devices, NMBAs will likely continue to play
a key role in patients with severe ARDS (21).
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